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Introduction
The 2010-14 Kuwait Development Plan envisages a massive increase in the scale of Kuwait's electricity and desalinated water co-generation. The centrepiece of the plan is the Al Zour gas-fired power and seawater treatment plant. When completed, this project will account for almost 12 per cent of Kuwait's power generation capacity and almost 25 per cent of desalination capacity. In addition, there are government plans to build a new refinery (the Al Zour refinery) with a capacity of 615,000
b/d; of this, 225,000 b/d will consist of low-sulphur fuel oil to meet the growing demand from the power sector. These massive infrastructure projects are aimed at bridging a widening gap in the demand and supply of Kuwait's electricity and water. According to the EIA (2013), Kuwait is already 'perpetually in a state of electricity supply shortage and experiences frequent blackouts and brownouts each summer'. Its desalinated water supply, representing about half of its total water supply in 2011 and most of its drinking and domestic water, is also expected to come under strain, even though capacity has been increasing on average by 4.1 per cent from 1992-2008 (Alotaibi, 2011) . The shortfall in supply of these key services is even more striking given that Kuwait is among the world's most prosperous countries.
In this paper, we argue that Kuwait's power and desalinated water generation inadequacies are as much a consequence of the low prices charged for Kuwait's utilities as of the insufficiencies of its infrastructure. We use a model-based methodology to compare the current pricing scheme against an alternative where consumer prices are raised to market levels and consumers are on average compensated by cash transfers that do not distort their economic decisions. The model captures three important economic features of the production of electricity and water:
• The greatest share of production costs is taken by fuel -whose market price is unpredictable.
• The maximum supply in the short run is constrained by the existing level of infrastructure;
when output is close to that limit, marginal costs rise sharply and the system becomes congested.
• The demand for these services is quite inelastic.
In our model, the electricity and water provider combines the three inputs of fuel, labour, and infrastructure to deliver these services to the consumer. We allow the infrastructure provider to be an independent profit maximizer whose decision to provide a level of infrastructure depends on the return they receive. As the market price is stochastic, we use nonlinear rational expectations Monte Carlo methods to solve for the optimal level of infrastructure, taking account of uncertainty. The model is simulated in two modes:
• the first reflects the current pattern of low pricing,
• the second captures a market price plus cash transfer scheme.
In the first mode, the government fixes a low price to the consumer. The producer has to receive a high enough price to ensure a sufficient rate of return. The difference between this high producer price and the low consumer price (multiplied by output) is a fiscal cost that is financed by the government. We experiment with three levels of fixed consumer prices: 10 per cent, 55 per cent, and 70 per cent of the average market price.
In contrast, in the second mode, consumers pay the unfettered market price. They are compensated on average for the utility-equivalent loss from moving to the market regime through the operation of a cash transfer scheme. The cash transfer schemes involves an alternative fiscal cost, which replaces the subsidy costs in the first mode. The net benefit of the second mode is the fiscal cost in the second mode minus the fiscal cost in the first mode.
Our main finding is that a realignment of prices at or closer to the market price level confers a benefit on current and future generations of Kuwaitis, in terms of fiscal savings, that outweighs the impact of raising electricity and water consumer prices to market price levels. Specifically, in the market price scenario with consumer prices at about ten times current levels, there is a total fiscal cost of about one-third of the value of fuel input used in the power sector (or about 1.5 per cent of GDP), entirely due to the cash transfer. This, however, is just less than one-fifth of the fiscal cost of the current lowprice regime, and in principle represents a massive saving. The net benefit of moving to market prices is 140 per cent of the value of the fuel input, or 6.3 per cent of GDP. By implication, if it is judged that a cash transfer scheme, undifferentiated by usage, can help gain acceptance of this policy, it is shown to be affordable. We also show that the shift to market pricing will be a more efficient route to achieving spare capacity in the electricity and water system, rather than paying for additional infrastructure.
There are no other studies that seek to quantitatively extract estimates of these concepts to electricity and water. Certainly there are studies that model electricity generation and transmission and distribution networks in more detail than ours, and also allow for congestion. But few seek to calculate the net benefit of shifting away from the consumer regime and are calibrated for a GCC country like Kuwait. 1 The joint presence of two features of GCC countries -first that desalinated water is cogenerated with electricity using fuel, and second, the severe extent of fiscal subsidies 2 -calls for a special design. There are studies that estimate the net benefit of moving away from a subsidy regime based entirely on static demand function, such as IMF (2012). We incorporate these calculations into 1 Al-Qudsi and Al-Shatti (1987a) examine the viability of replacing existing residential electricity tariffs with lifeline rate structure and show that the lifeline rate structure is viable from the perspective of equity, conservation, and efficiency. Al-Qudsi and AlShatti (1987b) use a social welfare concept to assess the potential welfare losses resulting from electricity tariff restructuring across various classes of users. 2 There are a few studies that usefully describe the problems and strains on Kuwait's power and water sector, for example: Alotaibi (2011 ), de Bouncourt (2012 , and Fattouh and El-Katiri (2012) . However, the calculation of the comparative costs of the regime requires analytical model-based methods.
our work, but also show how a more complex model-based estimation, which brings in the possibility of congested supply, can improve on them. We also calculate the size of the cash transfer needed to compensate the average consumer, assuming all consumers are alike. We supplement this with a brief discussion of the main features and controversies concerning the design of a cash transfer mechanism.
The paper is structured as follows: Section 2 provides some summary statistics for the Kuwaiti economy while Section 3 explains aspects of the conceptual context of our work. In Section 3.1, the special features of power and water generation, a key feature of the model, are explained. In Section 3.2, we explain the static demand-based calculations that have been used previously in the literature to quantify the benefits of price reform. Section 4 explains our model. Section 5 explains and justifies our calibrations. Section 6 presents the design of our experiments and presents and discusses the results. Section 7 explains the cash transfer policy. Section 8 concludes and presents the caveats in our study. 3% between 1999 3% between and 2009 3% between (de Boncourt, 2012 . The power and water sector constitute the main source of domestic energy demand reaching 272.5 thousand boe/d of liquid fuels (fuel oil and diesel) and natural gas in 2009. Kuwait is the world's largest water consumer with water consumption per capita per day of 500 litres. Kuwait is a highly water-stressed country with the lowest level of renewable internal freshwater resources per capita in the world. According to KISR (2011), the current cost of providing a reliable source of fresh water in Kuwait (principally through desalination plants) exceeds 1.2 US$ billion annually. The government estimates that by the year 2050, given current consumption patterns, the majority of the country's revenue that is generated by oil will be required to fund the increased production of desalinated water. The strong unbridled demands for water and electricity are only in part a consequence of inevitable factors (such as population growth, urbanization, a falling average household size, and rising real income per head) they are also due to the artificially low consumer prices set by the government. The
Kuwait: Some Basic Facts
Kuwaiti government provides these basic utilities at a very low cost. Historically, the price of electricity had some links with the cost of production, but this link has been broken, and rather than raising electricity prices, the government has reduced them over time. In 1953, the selling price was 27 fils/kWh but between 1953 and 1955, when oil revenues start flowing into the state's coffers, the government decreased the selling price to 18 fils/kWh. The electricity tariff continued on its downward trend over the years until 1966 when the government set the price at 2 fils/kWh (0.7 US cents) for ordinary consumers and 1 fils/kWh (0.35 US cents) for industrial companies, very low even by regional standards. The 1966 tariff structure is still in force today, though for chalets/villas, the price of electricity has been raised to 10 fils/kwh (3.5 US cents). Due to these low prices, there is a wide gap between production costs and the selling prices of electricity. In the early 1980s, the average cost of electricity production was estimated at 26 fils/kWh, while the price was administratively set at 1-2 fils/kWh (Al-Qudsi and Al-Shatti, 1987) . The rise in oil prices in international markets in the mid 2000s, together with Kuwait's increasing reliance on LNG imports to fuel its power sector, meant that the gap continued to widen over the years, as shown in Given the rapid increase in demand for electricity and water (de Boncourt, 2012) , there is an urgent need for the Kuwaiti government to reconsider its low pricing policy for these basic utilities. The key to understanding our argument in favour of market prices is that higher prices serve to make consumers efficient in their use of energy. The promotion of efficiency in use through the use of appropriate prices is called congestion pricing. Congestion pricing can be contrasted to a financially sustainable pricing policy, where the main concern is whether the price charged is affordable by the ultimate financer of the investment. Given ample oil reserves and revenues in Kuwait, even very low prices for generated electricity can be fiscally sustainable. Hence it is the congestion price that is of concern rather than whether these prices can be afforded. As Nobel prize winner William Vickrey (Vickrey, 1963 ) explained, congestion pricing should dominate the financially sustainable price as the relevant concept whenever there is a public benefit from limiting individual usage: 'The delusion still persists that the primary role of pricing should always be that of financing the service rather than that of promoting economy in its use '. McCawley (2010) finds examples in Asia where the price of infrastructure (such as water services) in informal markets is much higher than in public markets, indicating that the public price does not cover the cost of congestion. Indeed, the social price for an activity should be subject to a surcharge above the private price so as to equate social marginal product to the social price.
The idea that congestion pricing can complement investment in infrastructure is also a theme in the economic literature. Gramlich (Gramlich, 1994) , in his survey of the literature on infrastructure investment, shows that there any many definitions of infrastructure investment, but conceptually the definition that makes most sense refers to large capital-intensive monopolies, such as electricity and water. He goes on to argue that most studies have overwhelmingly focused on trying to ascertain the shortfall in infrastructure, as in the case of Kuwait, using either engineering, political voting, finance, or ! economic methodologies. Yet, he argues that a more relevant question concerns the role of government in the provision of infrastructure. He concludes by arguing that the greatest margin for improvement is in terms of user charges, taxation by willingness to pay, conservation charges for depreciation, as well as relieving congestion.
Concepts
There are two concepts that form the cornerstone of our analysis: the peculiarities of short-run supply in electricity and desalinated water, and the net benefit of market price reform as fiscal savings minus loss in consumer welfare. In this section, we explain these two concepts.
Short-run Marginal Cost of Power and Water: Congestion and Infrastructure
An important feature of the supply of electricity and desalinated water is that there is a physical limit beyond which it becomes highly costly to generate extra volumes of the service and that this limit is determined by a level of infrastructure that is fixed in the short run. One reason for this is simply that these industries are capital intensive and therefore their fixed costs are large and discrete. The very nature of power generation, distribution, and transmission networks requires that lumpy investments are needed each time the maximum capacity limit is to be extended. Similarly the expansion of desalinated water capacity involves the provision of expensive upstream desalination facilities, downstream infrastructure of transmission pipelines to bring water to consumers, irrigation systems in the agricultural sector, and storage for potable water generated (Missimer, Sinha, and Ghaffour, 2012) . When these two utilities are associated in co-generation, ever greater costs are involved in making new investments (Darwish, 2001; Hamoda, 2001) . Indeed, the lumpiness of investments in these sectors is part of the familiar justification for electricity and water to be provided by a natural monopoly.
There is, however, a more idiosyncratic reason why electricity generation is subject to a maximum constraint in the short run. Loop flows mean that electricity flowing between a generator and a customer moves through all lines connecting the two, not just along the shortest distance between the two points. When combined with other technological constraints, such as line thermal limits and voltage tolerances, the presence of loop flow means that the extra amount of electricity generated at peak load is uncertain or difficult to calculate precisely. It is not easy to allocate one-to-one to transmission lines and this depends on the network pattern (Hogan, 1992; Turvey, 2000) . In the absence of capacity network charges, capacity has to be extended in large increments to minimize the risk of insufficient provision. Figure 2 traces the form of a short-run supply curve with a maximum capacity limit, whose slope rises steeply as we approach the limit, with the cost of provision eventually becoming infinite at and above the hard constraint. Output levels just before and near to the capacity limit are called congested, where, as we explain later, there is a major risk of blackouts and rationing.
Figure 2: Short-Run Supply Curve of Electricity and Desalinated Water
To emphasize this point further, Figure 3 compares the short-run supply curve of electricity and desalinated water (AB) to a standard short-run supply curve (AC) which has no limit. According to the standard supply curve, ever greater output can be secured even in the short run by raising prices by the same proportion. This situation is not a plausible description of the economics of supply of power and water. Stoft, in his textbook on power system economics (Stoft, 2002) , discusses how a generation supply curve should have an extremely large but finite slope beyond a certain point.
Deloittes (2013), for example, describe the 2010 power supply curve for the SERC Reliability Corporation (SERC) region that includes Louisiana, with a clear hard limit. Similarly, Agthe and Billings (2003) , in their discussion of urban supply, emphasize that the short-run supply curve of water supply is best characterized as straightening up vertically at some point.
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Figure 3: Short-Run Supply Curve of Electricity and Desalinated Water versus a Standard Supply Curve
As these are short-run supply curves it is also true that, with time, this limit can be pushed back by installing additional infrastructure such that output is, on average, well below capacity. Figure 4 describes how a higher level of infrastructure shifts out the supply limit. Although it is true that most electricity and water generation plants, on average, run well below full capacity, it is also important to account for the installation and maintenance of the extra infrastructure needed. This means that there is a trade-off between extra capacity and profits. As we shall see below, that trade-off is made worse when consumer prices and profits are subsidized, as is the case in Kuwait. The reason why the particular shape of the supply curve of these services matters is that demand for electricity and water is highly uncertain. Power load fluctuates widely during a day, typically peaking during mid-afternoon and falling during the night. It also fluctuates across the year because of temperature changes, and these seasonal patterns are often of uncertain intensity. Uncertain seasonal fluctuations can be compounded by longer-run shifts that are also difficult to predict. In Kuwait, with its relatively fast-moving demographics, one such shift is the number of households, which determines the demand for power and water independently of population growth. Figure 5 illustrates the problem. It describes how, when demand is already in the congested area, a further shift in demand from curve DD to D'D' pushes capacity to the limit. 3 In principle, the market price should rise very sharply. But in practice, large rapid market price movements are often avoided.
3 The demand curve for water is shown not to have a constant slope in practice. In particular, the lowest levels of demand are more inelastic and there is a threshold below which demand is invariant to price. Allowing for this would, if anything, heighten the risk of congestion.
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Figure 5: Market for Electricity and Desalinated Water with Shifting Demand
The presence of the infrastructure constraint, when combined with rigidities in short-run demand and a social consideration to guarantee the supply of key utilities without an abrupt rise in price, means that the market, left to operate by itself, will not ensure a socially acceptable outcome. Cramton and Ockenfels (2012) argue that the infrastructure constraint in power supply is a market failure, and a mechanism has to be at least fostered by the state to generate enough capacity in advance to guarantee sufficient supply when demand rises suddenly, as the risk of blackouts has to be kept at a socially acceptable level. Part of this mechanism is a higher producer price for electricity than otherwise, reflecting a capacity payment. This matters in the discussion of Kuwait's subsidized regime, because the extremely low consumer prices of power and water have clearly raised the risk of being in the congested zone to unacceptable levels. This also explains the continual demands for greater infrastructure spending. • The first policy has a spot market price for existing capacity. This is where the supply curve AB crosses the demand curve DD: with prices at P c1 and volumes at Q c1 .
• The second policy is one where only the consumer price is set artificially low at P c2 (below the market price P c1 ). With prices at this low level, demand at Q c2 is much higher than supply at Q p2 , and electricity and water must be rationed.
• A third policy aims at remedying this insufficient supply by also subsidizing a higher producer price and paying for extra capacity. The payment for extra capacity is sufficient to shift the curve out to AB'. The higher producer price is P p3 , and the new level of supply matches demand at Q c2 .
However, the increase in supply comes at the cost of two fiscal subsidies. First there is a payment for having the producer price above the consumer price, shown as a blue rectangle in Figure 6 .
Second there is a payment -the investment in greater capacity -which is not shown in the chart.
This policy is the one that most closely describes Kuwait's current regime.
• A fourth policy allows for prices higher than the spot market price. In this case, the price level is P c4
and demand is Q c4 . The revenue generated by this higher price could be used to finance an investment in capacity, in which case full capacity supply is Q p4 . The substantial excess capacity provides a buffer against unexpected fluctuations. This is a capacity payment regime, with no fiscal costs.
Figure 6: Market for Electricity and Desalinated Water under Four Different Pricing Policies
The main point that we highlight with the policy comparisons in Figure 6 is that a pricing policy is complementary to infrastructure investment in the provision of these key services, given the presence of a short-run limit. That said, the advantages of one regime against another should be judged not purely in terms of fiscal costs, but also by considering benefits to consumers. We proceed to do this in the rest of the paper.
The Net Benefit to Consumers: Static Demand-based Calculations
One of the main objectives of this paper is to calculate the net benefit to consumers of moving from a subsidy regime to a market-price regime in a model where the subsidized good is produced not purchased and the amount of infrastructure is determined endogenously. This improves on the The calculation is based on comparing the revenue saved as a result of raising the price to the market price, to the consumer surplus lost by raising the price. 4 Figure 7 describes the demand curve. The revenue saved by raising the price from E to A, is the rectangle ACDE. The loss in consumer welfare from raising the price is the area under the demand curve, ABDE. Hence the net benefit is the area BCD. Clearly the size of the net benefit depends on the elasticity of the demand curve: the more elastic the curve, the greater the benefit. Naturally the lower the price below the market price, the greater is the net benefit.
But the demand-based calculation assumes that the good is purchased by the government is in elastic supply. More realistically, the government will have to pay producers a higher per unit price in order to enable them to satisfy the greater demand and still earn a sufficient rate of return. In the rest of this paper, calculations will be based on a more realistic model that allows for the fact that electricity is produced by a power generator and that infrastructure investment is needed to maintain capacity such that supply is not elastic.
The Model
Our model of electricity and water desalination is designed to perform the essential task of describing the three main inputs into generation and highlighting the short-run constraint of a bottleneck. These services are generated by fuel, labour, and infrastructure. The intended generation capacity translates into actual generation after passing through a congestion function. Infrastructure differs from fuel and labour in that it relieves congestion.
Figure 8: A model of Electricity and Power Generation
The most distinctive feature of our model is a production function of electricity and water, which allows for the level of infrastructure to determine final output, through loosening or tightening the constraints on short-run output. The flow of electricity and water ( ) is a function of short-run output ( ) and a bottleneck ( ):
where the size (or width) of the bottleneck depends on the ratio between private sector output ( ) and infrastructure capital ( ):
Short-run output is, in turn, a function of fuel (denoted by ) and labour (denoted by ), with fuel expected to take the lion's share of costs:
Short-run Output 
with representing the share in value of fuel in short-run output. The special nature of the production function and the bottleneck term introduced in equation (2) means that if short-run output is high relative to infrastructure, then the bottleneck tends towards zero and the total flow of electricity and water is constrained. On the contrary, if there is ample infrastructure relative to short-run output, then the bottleneck is wide. Hence the parameter ( ) represents the relative importance of the bottleneck, and hence infrastructure, in the determination of output.
The operation of the bottleneck also depends crucially on the value of a second parameter, ( ), which is responsible for an upward-sloping short-run supply function. To begin with, note that in equation 2, determines the ease with which each extra unit of infrastructure alleviates congestion in the bottleneck. In particular, a standard Cobb-Douglas production function can be recovered from (1) and (2) only when = 0: = 0 ⇒ = ( ) 1− ( ) , when infrastructure can be added with ease and is not lumpy.
To demonstrate the suitability of this particular function for the power and water generation problem, we can show that the maximum level of output flow that can be achieved in the short run is given by maximizing with respect to :
and
According to (4), the maximum level of output (̂) is an increasing (linear) function of the level of infrastructure. Consistently, the bottleneck, , will be constrained to fall in a range −1 1 ≤ ≤ 1 , with the lower bound attained when output has hit its maximum bound. Note also that if were zero, and the production function standard, then the maximum level of short-run output would be infinite; in other words, there would be no finite upper limit and no short-run constraint, with ample infrastructure.
Let us denote the combined producer price of electricity and water by and the combined price of fuel and labour costs as . The short-run supply curve is found by solving the following problem:
− holding fixed.
From the first-order conditions, and holding these prices and the level of infrastructure as constant, short-run supply is defined implicitly as the solution = ( , ) to the set of equations:
Through comparing derivatives we can show that, as long as is positive, this supply curve will take the form described in Figure 2 : its slope is flat at low levels of output but rises steeply to become vertical at the maximum short-run level of output. If were zero, then the production function and supply curve would be of the standard form, with a fixed slope, and hence unsuitable for modelling electricity and water supply. Following the arguments in Section 2, we would want to be positive and far above zero for a realistic description of power and water supply.
Uncertainty in costs matter for production costs. In the case of power generation, this is due to the massive uncertainties surrounding the fuel price. We allow for the logarithm of the market price of fuel to be determined by a stochastic process that is a discrete approximation to a mean-reverting Ito process:
ln( , ) = (1 − ) + ln( , −1 ) +
where is the long-run mean of the log of prices, while captures the persistence in fuel prices and represents the standard deviation of annual surprises to the fuel price level. is generated from the Pearson family of distributions with mean zero, standard deviation 1, skew of -4, and kurtosis of 26.
These values are designed to loosely match the empirical behaviour of real oil prices.
To confirm this, Figure 9 plots the range of values that the market price can typically take over future years, beginning at its mean of 100. Note that the most likely value lies above the mean, but the forecast distribution acknowledges the possibility that prices can fall as low as one-fifth of the current value.
Figure 9: The Simulated Forecast Distribution of Fuel Prices
The markets for labour, fuel, and infrastructure are such that the prices of inputs ( , , , , and , respectively) equal their marginal revenue products, which depend on the producer price of electricity and water ( , ) as well as their physical marginal products:
and , = , ( ) (1 − ),
with the bottleneck, , defined as before: and water and all other items ( , + ̅ ) with , being the consumer price of electricity in terms of the price of the other items, which is the numeraire for all prices in the paper.
Hence, at any moment in time, the demand function for electricity and water is given consistently as:
When we consider consumer welfare, looking ahead into the future, it is natural to measure this with the expected discounted sum of these utilities:
(12)
The model solves under two modes, driven by differences in pricing policy. In the subsidy regime, the consumer price of electricity and water is fixed at a predetermined ratio of their average consumer market prices (̃= [ , ] ). We experiment with three levels: first with consumer prices fixed at about 10 per cent of the average market price ( = 0.1), second with consumer prices at about 55 per cent ( = 0.55), and third with consumer prices fixed at 70 per cent ( = 0.7). To help achieve this, the producer price is set in each case for the infrastructure provider to earn an adequate net rate of return ( , − 0 ), such that the level of electricity and water produced is enough to match consumer demand at its artificially low price.
The cost to the government in the subsidy regime is equal to the difference between the producer and consumer price multiplied by the amount of power and water sold:
In contrast, in the market price mode, the consumer price is free to move with supply and demand and the producer price is equal to the consumer price. All these prices vary with fuel price fluctuations, although consumer prices of water and electricity move less than one-to-one with fuel prices, reflecting the providers' natural ability to absorb variations in one component of costs with prices and quantities of other inputs.
The only fiscal costs in the market regime are cash transfers. These are a stream of payments made by the government as a proportion of consumption determined in such a way that the consumer will be as well off as in the lowest price subsidy regime. To calculate their value, we solve for welfare in the lowest price subsidy regime (where = 0.1) as:
(13) Consumption in the market regime is raised by a certain fixed proportion ( ) each period so that the average consumer's welfare in the market regime matches their welfare in the subsidy regime:
Hence the cash transfer as a proportion of consumption each period is given by:
Thus the net present value of the cash transfers stream paid by the government is:
This is the only fiscal cost of the market price scenario.
By comparing the fiscal costs across the scenarios, we are able to assess the net benefit of the market price plus cash transfer scheme. An identical comparison can be made with any other scenario and the actual subsidy regime. The main technical difficulty in carrying out this type of analysis involves incorporating the effects of the stochastic fluctuations in the market fuel price on the infrastructure providers' decision. As infrastructure investments are planned over a long horizon, and the infrastructure provider is not risk neutral, the variance and riskiness of returns should matter.
When uncertainty plays a role, the decision on how much to invest depends on expected returns and risks, and the model has to be solved using a nonlinear rational expectations algorithm. In Appendix 1, we derive the necessary equations that fully describe the model and outline the numerical solution method. The solution method relies on Monte Carlo simulations: simulating for 10,000 stochastic price paths and estimating the infrastructure rule that best satisfies the expectation of discounted utility of infrastructure providers receiving a stream of uncertain profits. The solution also involves numerical optimization, using a pattern search algorithm. As a direct search method, it is derivative free and hence a good candidate for non-continuous, multimodal, and non-differentiable problems of this sort. 
The Calibrations
The plausibility of our results depends on how well the model parameters match Kuwait's electricity market. Table 2 reports the parameter values chosen and the main stylized fact that this value was aimed at matching. The matching of parameters to stylized facts is not strictly one-to-one as the model is solved simultaneously, but associating a parameter with the main stylized fact is a more intuitive way of explaining the calibration. It is also important to remember that we match the model in the subsidy mode, as this best describes the Kuwaiti data. 
(2%)
Standard value use in many policy exercises.
̅ , ̅
These are the base volumes of other consumption items and labour supply.
Normalized
The most encouraging aspect of our calibrations is that we can only match as a high a capacity factor as we think holds for Kuwait's power and water generation (about 60 per cent) with a high value of ω, 100, far away from the standard Cobb-Douglas production function. Given a suitable value for this parameter, the calibrations of the other parameters of production ( and ) follow from matching shares of costs by input to estimated data values: In this sense, the Cobb-Douglas specification is rejected by the data.
The investment costs of adding infrastructure were set to match acceptable values for depreciation and a rate of return which would be normal for other countries. However, we did naturally allow for much more lumpiness in investment than is normal in manufacturing. The parameters of demand were set in such a way that in the regime which best describes Kuwait currently, the share of electricity and water would be around 0.3-0.4 per cent, as in the CPI weights. The crucial parameter, the elasticity of demand, was chosen to approximate an average for electricity and water, as shown in the table. Finally the parameters that describe inter-temporal consumers were chosen to fit to standard values in the literature, but also to allow for a sufficiently high social rate of return on infrastructure, together with substantial risk aversion.
Experiments and Results
Our results are a comparison across four scenarios, summarized in Table 3 . The first three scenarios are all variations on the subsidy scheme, each having a price fixed at a different percentage of the average of the varying market price. In the first subsidy mode, electricity and water consumer prices are fixed at about one-tenth of the market price; in the second subsidy scenario, they are fixed at about 55 per cent of the market price; and in the third subsidy scenario they are fixed at 70 per cent of the market price. According to de Boncourt (2012), electricity sales in Kuwait 'cover a little less than one-tenth of the power price, especially as payments are poorly enforced, and so do not even cover fuel costs'. Hence the first scenario is a good approximation of the current regime. A fourth scenario is the market price plus cash transfer scheme, with consumer prices allowed to vary to clear the market.
Across the last three scenarios, the government pays a cash transfer to leave consumers as well off as in the first scenario. Having laid out the model, explained its solution, and justified its calibration, we now proceed to describe the results. The relative differences in price levels are laid out in Figure 10 . The relative levels of consumer prices (roughly 10 per cent, 55 per cent, and 70 per cent in scenarios 1, 2, and 3) reflect the assumptions in Table 3 .
The implication for producer prices of electricity and water in Figure 10 are an outcome of the Monte Carlo simulations rather than an assumption. In the market price scenario, consumer and producer prices are equal, and there is no fiscal subsidy for producers. However, the producer prices in the subsidized price scenarios are all above consumer price levels. Indeed, they are estimated to be higher than the producer price in the market price regime (in scenario 4), at 129 per cent, 135 per cent, and 136 per cent respectively of the market price level. Producer prices need to be higher than otherwise when consumer prices are fixed at low levels, because producers require more compensation per unit to compensate for their losses resulting from operating at an inefficiently higher level of production. Though producers can, to some extent, alter wages and infrastructure demands into order to compensate for price differences, the distortion created by the need to supply a much larger subsidized demand in the face of fluctuating fuel input prices implies higher-than-otherwise producer prices. This is a natural consequence of having a less than perfect elastic supply for the subsidized consumer good. In summary, lower consumer prices imply higher than otherwise producer prices. Table 18 ). Scenario 2, illustrating an intermediate level of subsidy, envisages consumer electricity and water prices being five to six times higher than in Kuwait's current price regime, and has a total fiscal cost of just over half the value of the fuel input, whilst leaving consumers on average as well off as otherwise through a cash transfer. Scenario 3, which illustrates consumer prices raised to seven times the current low levels while still being held fixed, has a total fiscal cost of 40 per cent of the value of fuel input. Scenarios 2 and 3 reveal that as the fixed level of consumer prices rises, costs initially fall dramatically and then decline slowly. This is in part due to the additional fiscal cost of supporting producers in the face of fuel price uncertainty, taking the rigidities in short-run supply and the costs in adjusting infrastructure into account.
The market price scenario (scenario 4), with consumer and fuel input prices at about ten times current levels, has a total fiscal cost of about one-third of the value of fuel input (or about 1.5 per cent of GDP), entirely due to the cash transfer. This is just less than one-fifth of the fiscal cost of the current regime and in principle represents a massive saving. The net benefit of moving to market prices is 140 per cent of the value of the fuel input (= 173 -32.2), or 6.3 per cent of GDP, a considerable sum.
As a crude comparison, the IMF (IMF, 2012) calculates that the net benefit of removing subsidies on the gasoline price (raising that price by 183 per cent) is about 5.6 per cent of GDP in Kuwait, taking a budgetary cost saving of 7 per cent and subtracting a consumer benefit loss of 1.4 per cent. Though this calculation relates to gasoline prices, which have a larger share in consumption, and it is not clear what they assume about elasticities of supply and demand, the comparison shows that our calculation implies a comparable estimate of the net benefit of price reform.
Figure 11: Differences in Fiscal Costs across Scenarios
The cash transfers are designed so that consumers are, on average, equally well off in all regimes. In practice this means that the combined share of electricity and water and subsidy in the average consumption budget is the same. In Figure 12 we calculate the budget share of these utility services and subtract the cash transfer from that cost. We can see that as the consumer price increases tenfold, the share of electricity and water in the budget increases from 0.3 per cent to 0.9 per cent (or roughly threefold) still keeping below 1 per cent of consumption. The effect of the higher prices is to lower the amount of electricity and water consumed, offsetting higher prices to some extent. Once we take account of the mitigating cash transfer, the net share rises by only 0.1 pp, a small increase.
Hence the cash transfer roughly offsets the effect of the higher prices on the average consumer's budget. It is important to recognize that a subsidized price regime also has implications for the relative shares of input costs between fuel, infrastructure, and labour. The effect of raising consumer prices tenfold and allowing them to fluctuate is naturally to encourage much greater efficiency in use. Ignoring the supply side of the model, and assuming an elasticity of demand of 0.5, the volume demanded of any good should fall to one-third of its current level as a result a tenfold rise in price (=10^(-0.5)). 5 Our results above from a model which incorporate rigidities in supply are consistent with this: the volume of electricity and water consumed falls to one-third of the current volume (=32/100). This reminds us that the size of the fall in demand is not a function of the supply side of the model, but rather a function of the demand side and in particular the elasticity of the demand curve. The supply side matters to calculate the fiscal cost. We return to discuss the sensitivity of our results to the elasticity of the demand curve in the conclusion.
Judged in terms of value, it might seem that there is a relative excess of infrastructure in the low-price subsidy regime. But the relative effects of the price reform on the value of inputs are not the same as on the volume of inputs. Figure 14 below describes the volumes of output and input, as indices, with the level of output in the heavily subsidized state being 100. Figure 14 shows that, while the heavily subsidized regime does indeed necessitate a much greater demand for infrastructure volume than the market regime (two and a half times more), the demand for fuel is distorted to an even greater extent, with four times more fuel needed.
Figure 14: Real Volumes of Inputs Used in Electricity and Water Production
Notes: All volumes indexed to the average volume of electricity and water generated in the heavily subsidized price scenario is 100 and the average volumes of inputs are equal to their value shares in that scenario.
5 Note we should not use the first-order approximation formula of a percentage change to calculate the fall in demand (-0.5*9),because the price change is large. In Section 2.1, we emphasized that a crucial feature of electricity and water supply is the presence of a maximum capacity level that depends on existing infrastructure. Figure 15 describes how in the lowprice subsidy regime, both the average level of output and the maximum level of output are higher than in other regimes and, in particular, are higher than in the market-price regime. However, output is proportionately closer to its maximum (and hence closer to the congestion zone) in the low-price regime than it is in the market-price regime. The difference is significant: the ratio between the two, called the capacity factor, is nearly 60 per cent in the low-price subsidy scenario, and hardly falls even when prices are fixed at 55 per cent and 70 per cent of the market price level in scenarios 2 and 3.
Capacity is only created by allowing consumer prices to fluctuate at the market price level, when the capacity factor reaches 46 per cent. As we argued in Section 2.1, the capacity factor is a crucial determinant of how the system is able to cope with unforeseen shocks to demand. The US Electric
Power Annual (EIA, 2011, Table 5 .2) reports that in the late 1990s, when oil was more important for electricity generation in the USA, oil-fuelled power stations operated at a 20 per cent capacity factor, while its combined cycle gas-fuelled stations operated at 38 per cent. As 70 per cent of Kuwait's power comes from oil and 30 per cent from gas (MEED Insight, 2014) , this implies that a target capacity factor would be about 25 per cent. Market pricing is shown to be a more efficient route to achieving these spare capacity levels. The current low fixed-pricing scenario suffers from congestion and even a higher fixed price -one that was two-thirds of the way between the current price and the market price -would strain capacity.
In summary, the results demonstrate that the potential fiscal benefits of reform are so large that consumers can be compensated on average whilst still leaving large fiscal savings and enabling a more reliable level of spare capacity. Estimates based on a model with realistic supply constraints and allowing for uncertainty and dynamics can differ from, and improve on, simple static calculations.
Figure 15: Capacity Factors and Congestion
Note: All volumes indexed so that the average volume of electricity and water generated in the heavily subsidized price scenario is 100.
The Rationale and Design of a Cash Transfer Scheme
We have estimated that price reform in the absence of a cash transfer would lead to a real income loss for consumers. According to our calculations, the consumption share of electricity and water supply costs will triple but would still remain below 1 per cent of consumption. Moreover, current and future generations of Kuwaitis, who are ultimately the beneficiaries of any savings, should gain from the fiscal savings of the market reform. Thus there may be no need to redress consumers on average for their loss on pure economic grounds. 6
It follows that the cash transfer scheme should be judged on its ability to gain political acceptance for the reform and not as a necessary economic part of the price reform. But as the cash transfer should not discriminate according to usage, even if the cash transfers are substantial, the price reform is likely to have its opponents. This is because there will inevitably be some losers under the market scheme -heavy users of electricity and water -who cannot be compensated for their greater loss by cash transfers. Given the likely emergence of opposition to price reform, a public communication 6 There is a separate argument for cash transfers as means of transferring natural resource wealth to its rightful owners. But here we are only concerned with cash transfers in the context of the elimination of subsidized prices. One important reason why a cash transfer may be an ineffective acceptance strategy in Kuwait is that Kuwaitis already receive large cash transfers and payments from the state. For example, most
Kuwaiti national workers are employed by the state, often in jobs which are not particularly onerous (El Katiri, Fattouh, and Segal, 2011) . There is a danger that further transfers will be at best ineffective in promoting support for price reform and at worst deleterious for the economy if they lower the participation of Kuwaitis in the private sector labour market and fuel inflation. Given these considerations, it is worth contemplating some alternatives:
• One possibility is to make no change to current government transfers, but rather save all of the freed fiscal revenues for future generations. In this case, transparency and accountability in the treatment of savings should be paramount. Recent research (for example, Ross, 2013) has emphasized that citizens of oil-producing countries are very concerned with how natural resource wealth is saved or spent, as they recognize it for what it is: their birthright.
• A scheme to subsidize the human capital accumulation of Kuwaiti citizens could be another alternative to cash payments. The rationale for the human capital finance scheme is that it directly confronts what is felt to be the greatest economic challenge of oil-producing countries:
the inability to translate resource wealth into privately earned human capital wealth. Thus transfers could be in the form of vouchers, grants, or cheap loans for study, childcare, female labour force participation, or rewards for health improvements, rather than cash. 7 Clearly the administrative costs of such a scheme would be quite substantial as courses would have to be provided and accredited; the performance of recipients continually monitored; and leakage and abuse minimized.
• A final possibility would be to use the savings to provide a temporary subsidy to encourage efficiency in electricity and water usage, in final consumers and also for intermediate users.
Payments would have to be conditional on demonstrable ex post reductions in efficiency;
otherwise such a scheme would run the risk of undoing the reforms. Hence the administrative costs would be substantial, as with the human capital scheme.
Targeting of a cash transfer scheme
In practice, a cash transfer scheme cannot be truly universal. Some individuals, such as the very young, those in prison, or citizens abroad are likely to be excluded from receiving any compensation.
For Kuwait, beyond those straightforward exclusions, the most important dimensions over which a decision to target has to be made are i) final or intermediate consumers; ii) citizens or residents; iii) relative income differences; and iv) just adults or all citizens.
We should remind ourselves that the cash transfer scheme must not differentiate individuals according to any metric that is closely related to their consumption of electricity and water, otherwise the market-based pricing policy will be undone. The combined reform (market-based pricing and cash transfer) must give consumers the incentive to shift their consumption from power-and waterintensive activities.
In the Kuwaiti case, it seems clear that the transfer scheme should target final consumers. 8 Many intermediate consumers will be able to make efficiency improvements or pass on their costs to consumers and hence preserve their rate of return. In respect of production that is rendered uneconomic by the reform, such losses might well be considered a necessary part of promoting more water and energy efficiency. In order to help those producers whose business model is viable in the long run in the new regime, support policies must be conditional on these businesses demonstrating a greater efficiency of water and electricity, without substituting other fuels or running permanent losses.
As argued above, any business relief must be conditional on planned reductions in energy and water usage and must be capable of being withdrawn if no such improvements are made.
As far as immigrants in Kuwait are concerned, they should also be thought of as intermediate providers of services to citizen-consumers. In 2011, Kuwait's population was around 3 million, 35 per cent of whom were Kuwaitis. If immigrants have market power, then they can pass on the extra costs to Kuwait citizen-final consumers according to the normal market mechanisms of higher wages and final output prices. If their profits are affected purely by the reform -so as to threaten their businessthen it is optimal from an economic efficiency point of view not to subsidize their production, which must be power-or water-intensive.
Income distributional differentiation is a crucial issue in the design of cash transfers for many countries (Vagliasindi (2013) and Verme, El-Massnaoui, and Araar (2014) ). However, there seems to 8 In this respect, it is important to note that many tenants in multi-story commercial buildings and apartment buildings pay a rent that is inclusive of electricity and water. If higher costs of electricity and water prices are not passed to these tenants (or could not be passed due to contractual obligations), then the impact of a higher price on tenants' demand behavior is likely to be small, limiting the effectiveness of the price reform. This also raises the issue of who should benefit from the cash transfer, as owners (who are likely to be at the top of the income distribution) will be directly impacted as a result of higher electricity and water prices.
be, effectively, no absolute poverty among Kuwaiti citizens. There are, of course, relative income differences in Kuwait, but the benefits in terms of equity to be gained from differentiating the cash transfer by income would have to be weighed against the substantial administrative cost of means testing Kuwaitis. On these grounds, we would argue for a transfer undifferentiated by income.
The final aspect of differentiation to be considered is whether or not the young should receive the lump sum. The question of whether the young use many of these services is moot, but in any case the cash transfer should not discriminate of the amount of usage. Thus it seems fair to include them.
After all, to leave out the young would lower the relative payment for large family households. In practical terms, the payment could either be given to the joint heads of households, or be made to a bank account to which the young person has access once they attain adulthood.
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Conclusions and caveats
We have shown that there is a substantial benefit to be gained by allowing prices of electricity and water to rise to market levels. The fiscal savings are more than sufficient to compensate consumers on average for the loss, while still leaving a substantial surplus. We have demonstrated this important result in a model and method that takes account of the particular constraints of electricity and water co-generation and where both consumption and production inefficiencies exist. Yet we have also shown that the benefits from removing subsidies cannot be cleanly split into those from removing inefficiencies in consumption and those from removing inefficiencies in production. The spirit of this paper is that the two frictions are complementary, combining with each other in a way that defies such simplistic decompositions. For this reason, spending more on expanding scale while keeping prices artificially low is shown to be a costly route to alleviating shortages.
We confirmed that the low pricing regime is, to an important extent, responsible for the current situation -insufficient spare capacity in the provision of these services -in Kuwait. A move towards market pricing will complement investment in infrastructure and remove the distortions in the power sector. While electricity and water price charges will be much higher, the share of electricity and water in consumer budgets will not rise to the same extent and can be compensated by both the cash transfer and the utility benefits of a more efficient service.
The results show that a price level set (halfway or three quarters of the way) between the current lowprice regime and the market-price regime can have large net fiscal benefits. Consumers may need time to adjust their consumption, for example to shift away from water-and electricity-intensive durable goods. Thus there may seem to be substantial benefits from a transitional regime, where prices gradually rise to market levels according to a predetermined path and thereafter following a moving average of market prices.
As appealing as this transition might seem, in terms of political economy, there are good reasons to argue for an abrupt jump to the market-price regime. While a long drawn out transition is less costly to reverse initially than a large discrete step, it is less likely to be carried through because consumers will not have the clear signal to make demand adjustments. Also, we have shown that the system is less strained if consumer prices are not fixed at any level but are allowed to adjust.
Another aspect of the transition decision is to whether to continue the lump sum transfers once the change to the market-price regime has been made. Our calculations have revealed that there is a net flow benefit to the reform relative to the current state, and so perhaps a continual payment could be justified. However, we argue that there is no economic necessity for a cash transfer, and also that the Kuwaiti government already makes large transfers to its citizens. Hence it would make sense to taper off the scheme once the benefits of the reform are widely acknowledged.
We have estimated that the level of demand under a current regime is three times what it would be under a market regime. This might seem implausibly large. In this regard, there are a few points worth noting. First, given that water and electricity prices in Kuwait are at most one tenth of the market price level, with an estimate of the long-run elasticity of demand of -0.5, a rise in market prices to ten to eleven times the current level would lower demand by one third of its current level, independent of the supply curve of our model. One could always argue that the elasticity of demand is smaller in than 0.5. For example it could be argued that in electricity and water, there is a base or subsistence level of demand which is completely inelastic and above that all other demand is elastic. If this level of subsistence were for example 40 per cent of total demand, then our calculations can be interpreted as saying that the new lower level of total demand (inelastic and elastic) would be 60 per cent of the current level (=0.6*(1/3)+0.4*1=0.2+0.4=60%). However, before accepting this argument, one would have to empirically demonstrate that the size of subsistence demand is as large as 40 per cent of total demand, or that demand is more inelastic than we assume for some other reason. It is not enough to say that demand is inelastic in Kuwait just because prices have not been raised since the 1960s.
Kuwait's electricity consumption is indeed far above that of other countries with the same level of Gross National Income (GNI) per capita but with prices closer to market levels. When we compare
Kuwait to high-income non OECD countries we find that Kuwait's consumption of electricity per capita is 2.3 times the average of its peers. Considering that GNI per head (including oil revenues) is an overestimate of the true permanent income of the citizens of an oil producing state and that electricity and water prices in these other countries are also still somewhat below market levels, the excess consumption of electricity in Kuwait could well be three times what it would be at market price levels.
The distortion in the consumption of water could be even worse.
There are three important caveats to our analysis, neither of which detracts from the quantitative importance of our findings. First, our model and method, though it is an innovation on the extant literature, does not take into account demand uncertainty. Allowing for demand uncertainty would add substantial computational cost to the solution method. We can expect that demand uncertainty due, for example, to unexpected fluctuations in temperature, would put more strain on systems that are run with insufficient capacity.
On these grounds, we can reasonably argue that if we were to incorporate demand uncertainty, the relative costs of the low-price regime would be even greater than our estimates.
Second the model does not deal with electricity and water co-generation at the level of individual plants and instead is a high-level approximation of the production problem. A more detailed study could model the marginal cost curves of each generation plant in Kuwait taking into account the fuel mix, plant management and operating practices, co-generation, technical efficiency of the plant, and transmission and distribution losses, and simulate the response of total supply to shocks under different pricing structures. Similarly we have not dealt with the difficulties in hiring or firing marginal labour. In the model, labour is supplied elastically, and, even though labour is not a large share of costs, labour shortages can contribute disproportionately to electricity supply in countries like Kuwait with a small national workforce and strict hiring and firing laws. The incorporation of these production rigidities is left for future research. would therefore be receiving a cash transfer equal to three or four times their consumer welfare loss from the first-round effect of the price rise. Hence a cash subsidy scheme directed at final citizenconsumers should amply compensate them on average for first-and second-round effects.
Appendix -Solving the model for the subsidized price mode
Substituting out for , in the expression for the marginal revenue product for infrastructure from the marginal revenue product for fuel (equation (7)): Setting demand for electricity and water from equation (11) equal to the supply in equation (1) and using equation (8) Equations (A2.1) to (A2.6) hold in the dynamic state. However, in this case we cannot simplify equation (A2.6), and prices are no longer fixed.
Substituting out for , from equation (7) and for from equation (8) (A2.7)
Our numerical solution method is as follows. We first create a grid of 100 values each for the state variables, , and . The grids are centred on the known deterministic means of the two variables and are not evenly spaced, but have finer grading closer to the mean. But they also include some extremely high and low values. However, all values of both variables in the grid are positive.
Then for each pair of values of , and in the grid, we solve (A2.7) for and thus all other variables. This gives us a grid of all variables in the market price mode of the model, conditional on values for , and .
Then we simulate 10,000 series of market fuel prices, using equation (6) and beginning at for a horizon of 30 years.
We assume that an infrastructure provider decides how much to invest according to the following rule: = ̅ + ( − ̅ ) + ( − ) (A2.8) where the parameters ̅ , and are to be determined as the values that maximize the expected sum of discounted utilities of infrastructure providers. Then for each Monte Carlo path for fuel prices, we can generate a path of values for , conditional on a set of values for ̅ , ,and . We match these values to the closest values on their grids and, using these coordinates, we can calculate the time paths for all the variables in the model for each of the 10,000 Monte Carlo simulations. This enables us to calculate the Monte Carlo equivalent of the right-hand side of the first-order condition (A2.6): where data from the first 3 years are ignored.
A pattern search algorithm is put to work to find the values of ̅ , , that puts the value of ( ̅ , , ) closest to zero.
Inserting the optimal values for these parameters (̂,̂ , ⏞ ) into equation (A2.9) gives us the optimal decision rule of the infrastructure provider, solving the model. After applying another Monte Carlo simulation, or even reusing the previously simulated Monte Carlo paths for market fuel prices, we can calculate consumer welfare and fiscal costs according to equations (13) (A2.10)
